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(54) Crank mechanism of reciprocating internal combustion engine of multi-link type 



(57) A paired counterweights of a crankshaft have 
projected inner surfaces which protrude toward each 
other defining a given space therebetween. A plurality 
of links are arranged to convert a reciprocating motion 
of a piston to a rotational motion of the crankshaft. One 
of the links is pivotally connected to other links through 
link connecting portions and swingably disposed on a 
crank pin of the crankshaft so that upon rotation of the 

Q crankshaft, a peripheral portion of the link passes 
through the given space. At least one of the link con- 
necting portions is placed within an imaginary circle 
which would be described by a radially innermost part 
of the projected inner surfaces of the paired counter- 
weights when the paired counterweights turn about an 
axis of the crank pin. 
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Description 

BACKG ROUND oc INVENTION 
1 ■ Field of Invention 

[0001] The present invention relates in general to ™. 
aprocatrng interna, combustion engines •ffSSE 
capable of varying a compression ratio during operation 
hereof. Particularly, the present invention refates toS 
relocating interna, combustion engines ofa «nk 
type wherem each piston is connected to a crantehaft 
through a plurality of links, and more parJcu arlffo I 
crank mechanism of such interna, combSn e^nes 

1 ■ Description nf ftoiot^ ^ 
ci cranK mechanism emoloveri in 

.^sszS' r ' ha ' = ™»™,™:r 6 m « 

« ^ m chan 9»= P«»n of me contra 

».*r*:r ana " ,us camprasai »" **> « 

SUMMARY OF INVENTION! 

£004] in the crank mechanism of the publication un 
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Wieentireconstruction of the crank mechanism Further 
more, ir, the crank mechanism of the publicatbn dueTo 
^•nev,tab,e construction, it is difficult XSCrm 

5 bearing 

eel? sr.cir^r?^" 11 '"- 

"viuea a crank mechan sm of a recinm 

crank nin I T Portions connected throuqh a 

crank pin, and p a ,red counterweights integral with Sec 
ond end portions of the paired crank w «. 

of the oroi^wi by a radia,| y innermost part 

S 9 rr ,cowuato ^ : ^p«.T 
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ing of the given link about an axis of the crank pin. 



DETAILED DESCRIPTION OF EMBODIMENTS 



BRIEF DESCRIPTION OF DRAWINGS 



[0009] 



o 



o 



Fig. 1 is a sectional view of an internal combustion 
engine to which a crank mechanism of a first em- 
bodiment of the present invention is practically ap- 
plied; 

Fig. 2 is a partial view of the crank mechanism of 
the first embodiment, showing a portion where an 
upper link and a lower link are pivotally connected; 
Fig. 3 is a partial view of the crank mechanism of 
the first embodiment, showing a portion where the 
lower link and a control link are pivotally connected; 
Fig. 4 is a front partial view of the crank mechanism 
of the first embodiment, showing an essential por- 
tion of a crankshaft; 

Fig. 5 is a view similar to Fig. 1 , but showing a con- 
dition wherein a counterweight passes by a second 
connecting pin; 

Fig. 6 is a view similar to Fig. 5, but showing another 
condition wherein the counterweight passes by a 
first connecting pin; 

Fig. 7 is a view similar to Fig. 4, but showing the 
essential portion of the crankshaft being incorporat- 
ed with the lower link; 

Fig. 8A is a sectional view taken along the line VI- 
M-VIM of Fig. 8B; 

Fig. 8B is a front view of a portion of the crankshaft 
where paired counterweights are arranged; 
Fig. 9 is a view similar to Fig. 7, but showing an es- 
sential portion of a crank mechanism of a second 
embodiment of the present invention; 
Fig. 10 is a view similar to Fig. 1, but showing a 
crank mechanism of a third embodiment of the 
present invention; 

Fig. 11 is a view similar to Fig, 7, but showing an 

essential portion of the crank mechanism of the 

third embodiment of the present invention; 

Fig. 12A is a view of the lower link in a naked state; 

Fig. 12B is a view of the lower link in an assembled 

state; 

Fig. 1 3 Is a sectional view of an Internal combustion 
engine to which a crank mechanism of a fourth em- 
bodiment of the present invention is practically ap- 
plied; 

Fig. 1 4 is a schematic view of a link mechanism hav- 
ing three links; 

Fig. 1 5 is a view similar to Fig. 1 4, but showing an- 
other link mechanism having three links; and 
Fig. 16 is a sectional view of a lower part of an in- 
ternal combustion engine to which a known crank 
mechanism is applied. 



[0010] In the following, embodiments of the present 
invention will be described with reference to the accom- 

5 panytng drawings. 

[0011] For ease of understanding, various directional 
terms, such as, right, left, upper, lower, rightward, left- 
ward and the like will appear in the description. Howev- 
er, such terms are to be understood with respect to only 

10 drawing or drawings on which the corresponding part is 
illustrated. 

[0012] Referring to Figs. 1 to Figs. 8A and 8B, there 
is shown a crank mechanism 100 which is a first em- 
bodiment of the present invention. 

15 [0013] In Fig. 1 , a reciprocating internal combustion 
engine is shown to which the crank mechanism 100 of 
the first embodiment is practically applied. The engine 
generally comprises a cylinder block 1 having a plurality 
of cylinders 2 which are juxtaposed. Each cylinder 2 has 

20 a piston 3 slidably disposed therein. A crankshaft 4 ex- 
tends axially below the cluster of the pistons 3, which is 
rotatably held by the cylinder block 1 . 
[0014] An upper link 6 extends downward from each 
of the pistons 3. That is, the upper link 6 has an upper 

25 end pivotally connected to the piston 3 through a piston 
pin 5. The upper link 6 has a lower end pivotally con- 
nected to a lower link 9 through a first connecting pin 7. 
The lower link 9 is swingably disposed on a crank pin 8 
of the crankshaft 4 and has one end to which an upper 

30 end of a control link 11 is pivotally connected through a 
second connecting pin 1 0. A lower end of the control link 
11 is movably supported by a support member of the 
engine through an eccentric cam 12, Although not 
shown in the drawing, the eccentric cam 12 is rotatably 

35 held by a bearing member fixed to the support member. 
That is, when rotated, the eccentric cam 12 varies the 
position of the control link 11 relative to the support 
member and thus varies a top-dead-center (TDC) of the 
piston 3 thereby varying the compression ratio of the en- 

40 gine. 

[0015] As is seen from Fig. 2, the lower link 9 com- 
prises a first forked portion 21 having two spaced sup- 
port arms 21a and 21b. These support arms 21a and 
21b have flat inner surfaces and are respectively formed 

45 with cylindrical bores (no numerals) which are aligned. 
As shown, the lower end of the upper link 6 constitutes 
an arm 23 which has flat outer surfaces and is formed 
with a cylindrical bore (no numeral). The arm 23 is co- 
axially received between the two spaced support arms 

so 21a and 21b, and the first connecting pin 7 is received 
in the aligned cylindrical bores of the coaxially arranged 
arms 21a, 23 and 21b, as shown. 
[0016] Like this, as is seen from Fig. 3, the tower link 
9 further comprises a second forked portion 22 having 

55 two spaced support arms 22a and 22b. These support 
arms 22a and 22b have flat inner surface and are re- 
spectively formed with cylindrical bores (no numerals) 
which are aligned. As shown, the upper end of the con- 
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[001 7] As is seen from Ras 2 a nrt <t th« r . 
ond forked portions 21 anfz? h-l " " ret a " d Sec " 
(viz., a thickness measured ? »„ * thickness 

engine) greater th«n1h« , axial direction of the 
the towe?link T ' ° f 3 maj ° r Centra ' P°*on of 

Fig. 1, the counterweight 16a or ifih ie 0m 

[0019] Referring back to Fin a «, 
16aandl6brespectivelvh fl r • coun,e ^ights 

1 7a or 17b of the crank u,Ih ,7 ' each recess 

shaft 4. ^ Ial d,rect ion of the crank- 

[0021 J In Fig. 1 1 denoted by reference C1 is a r ,■ 
aginary circle which would be ZL k ' 
outermost end "ROE" (see Ra 3 ZfZ * 8 raC "' a " V 
portion 22a or 22b of <hl ,l , ! h * SUpport a ™ 
turns about the axi Jull ^ 9 " the ' 0wer " nk « 
nao' circ.e cf'haTa VZ™^! ?' *" ' ma9i - 
erence C2 is a second^! ' e ' deno,ed b V ref - 

described by a ZSESTt ** ^ WOuld be 
rt f *h raaiaily innermost end "FUE" fee* Pi« a\ 

1 ea an 9 d 1 6b turn aboJT 
second imaginary circle C2 has a radL s X. 
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Kon^ 7 «isfr 'r: ,ink 9 *• 

crank webs Ua and fib a eXtendS between tne 

Pin 8 and the radially outermost en J Rnr 
the support arms E of eacn of 

«on22of,hetowef a n a <^f b ° ftne seco " d Priced por- 
the first elodtme t J ' S "° W t0be noted in 

forked portion 21 or 99 .1 . ret and second 

m^L^onfh^r 0 ^ P ° Srtional a " d * 
21 ^fiS?." 11 S6C ° nd f ° rked P0rtions 
teringw.hthetSe^ 

much clearly undemtln 1 °u , '° Wer ,ink 9 wi " be 
erected to Rg^ 5 and e *" f °"° Win9 descri P«™ 

of the lower nk a n a ! b by ** ,0rked P 0 "™ 21 
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8B, there is shown in detail one unit of the countershaft 
4, which comprises the aligned crank journals 15a and 
15b, the paired crank webs 14a and 14b and the crank 
pin 8. 

[0028] As is easily seen from Fig. 8A which is a sec- 
tional view taken along the line VIIIA-VIIIA of Fig. 8B, 
the recess 1 7b or 1 7a extends in a direction "x" perpen- 
dicular to the axis of the crankshaft 4. The upper wall of 
the recess 17b or 17a is smoothly curved upward and 
the lower wall of the same comprises two slightly in- 
clined straight walls which are joined at the radially in- 
nermost end "RIE". As shown, the recess 1 7b or 1 7a is 
shaped generally like a butterfly. That is, the recess 1 7b 
or 1 7a is so shaped that with increase of distance from 
a middle portion where the end "RIE" is provided, the 
width of the recess 17b or 17a gradually increases. 
[0029] In the following, other advantages possessed 
by the above-mentioned crank mechanism 100 of the 
first embodiment will be described. 
( ) [0030] Due to provision of the recesses 1 7a and 1 7b 
in the mutually facing surfaces of the crank webs 14a 
and 14b, the first and second forked portions 21 and 22 
of the lower link 9 can be enlarged in size, as is seen 
from Fig. 7. More specifically, the first and second forked 
portions 21 and 22 and the corresponding first and sec- 
ond connecting pins 7 and 1 0 can be increased in axial 
direction. This means that the bearing capacity of the 
first and second connecting pins 7 and 10 of such first 
and second forked portions 21 and 22 is increased. Fur- 
thermore, due to provision of the recesses 1 7a and 1 7b r 
each counterweight 16a or 16b can have a desirable 
thickness or desirable moment of inertia at will. 
[0031] The crank mechanism 1 00 can be constructed 
compact in size. That is, as is seen from Fig. 1 , the first 
connecting pin 7 is positioned at an opposite side with 
respect to the second connecting pin 10. This means 
that the lower link 9 functions to enlarge a displacement 
of the crank pin 8 which is transmitted to the first con- 

anecting pin 7. That is, the following inequality is estab- 
lished: 

L/2r>1 (1) 

wherein: 

L : stroke of piston 3 

r : revolution radius of crank pin 8 

[0032] Thus, enlarged stroke of the piston 3 is ob- 
tained even if the crank mechanism 100 is made com- 
pact in size. For achieving this inequality, the distance 
between the crank pin 8 and the second connecting pin 
10 is made small, and thus, the radius R1 of the first 
imaginary circle C1 becomes small. This is advanta- 
geous for avoiding interference of the lower link 9 with 
the projected inner surfaces 19a and 19b of the coun- 
terweights 16a and 16b. 



[0033] Due to the unique shape of the recesses 17b 
and 17a (see Fig. 8A) of the counterweights 16a and 
1 6b, split molds for casting the crankshaft 4 can be eas- 
ily released from the product upon completion of cast- 
5 ing. That is, upon completion of casting, the split molds 
can be moved in the directions of "x". 
[0034] Referring to Fig. 9, there is shown an essential 
portion of a crank mechanism 200 of a second embod- 
iment of the present invention. 
10 [0035] Since this embodiment 200 is similar to the 
above-mentioned first embodiment 1 00, detailed expla- 
nation will be directed to only parts which are different 
from those of the first embodiment 1 00. 
[0036] As is seen from Fig, 9, in this second embodi- 
es ment 200, the axial dimension (or thickness) of each of 
the second and first forked portions 22 and 21 of the 
lower link 9 is equal to that of the major central portion 
of the lower link 9, and the distance between the pro- 
jected inner surfaces 19a and 19b of the paired coun- 
ts terweights 1 6a and 1 6b is smaller than that between the 
mutually facing surfaces 1 4a' and 1 4b' of the crank webs 
14a and 14b, as shown. 

[0037] Of course, also in the second embodiment 
200, the dimensional relation between the radius R1 and 

25 the radius R2 is the same as that in the first embodiment 
100. Thus, the first and second forked portions 21 and 
22 of the lower link 9 are suppressed from interfering 
with the paired counterweights 1 6a and 1 6b upon swing- 
ing of the lower link 9 about the crank pin 8. 

30 [0038] Referring to Figs. 1 0 and 1 1 , there is shown a 
crank mechanism 300 of a third embodiment of the 
present invention. 

[0039] As is seen from Fig. 11 , in this third embodi- 
ment, the axial dimension (or thickness) of each of the 

35 second and first forked portions 22 and 21 of the lower 
link 9 is equal to that of the major central portion of the 
lower link 9 and slightly smaller than the distance be- 
tween the projected inner surfaces 19a and 19b of the 
counterweights 16a and 16b. As shown, each ofthesec- 

40 ond and first connecting pins 1 0 and 7 incorporated with 
the second and first forked portions 22 and 21 has a 
length smaller than the distance between the mutually 
facing bottom surfaces of the recesses 17a and 17b. 
However, each connecting pin 10 or 7 has axially op- 

^5 posed ends projected from the support arms 22a and 
22b (or, 21a and 21b). The projected ends are equipped 
with respective snap rings 31a and 31b for holding the 
connecting pin 10 or 7 in position. 
[0040] As is shown in Fig. 1 1 , in this third embodiment, 

so the radius R1 of the first imaginary circle C1 represents 
a distance between the axis of the crank pin 8 and a 
radially outermost end of the snap ring 31a or 31b. Of 
course, the radius R1 is determined smaller than the ra- 
dius R2 of the second imaginary circle C2 which repre- 

55 sents the distance the axis of the crank pin 8 and the 
radially innermost end "RIE" of each of the projected in- 
ner surfaces 19a and 19b, as shown. 
[0041] Accordingly, as is seen from Figs. 10 and 11 , 
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the first and second forked portions 21 an n oo 
pressed from interferino with thlT f 22 are SU P- 
16a and1 6b upon SaTJlnT^ T"^ 6 ^ 
crank pin 8 even tStL L * ^ 9 abou « tne 
-rv the Ptoiected^X p t tT^U ^ 22 

mechanism is assembled w fbl h the crank 

ence to R gs i 2A and ipr c desc "bed with refer- 
«nk 9 in a nakeo Tslte ,n fh °J 12A Shows the '°wer 

er of gravity G1 J pos TtSd awav JST' the «■* 
the crank pin 8 by a distant aT V the 8X15 8a of 
to the first and second ££ fl'" d ' reC,i ° n op P° s « a 
respecttothecrankpiJ J lf^ nd 22 Witn 
9 in an assembled state w^£™ athekmer « n * 
the control link 11 are oil.™ " PPer ,ink 6 and 

second forked iSTS^f^^^«- 
through the first and second he '° Wer link 9 

in the above-menhoneTr ^T^ 9 pins 7 and 1° 
bled state, th£^? J^T: ,nis ass ^- 

* d to point oZSEZ^^**** 
end of the upper link e J , ass of tne '°wer 
end of the comro I n fi SK* ° f ^ Upper 
ond connecting pins 7 and 10 ?/ thS first and s *c- 
of the lower link S /J Z a " added t0 a "ass 

thecenterof ^l^Z " aSSemb ' ed stala . 
* of the crank Pin 8 b ^^^7 ^ 
invention, the distance A2 .J r.!? " tne present 
the distance A1. ForZtSvLTT'^ Sma,,er than 
'ower link 9 about ^22,™ T' SWin9 ' m9 01 the 

Thatis, thelowerl nL^f ^ 6ntS 100 ' 200 and 300. 
pinecomD riS6s ;Z;^r. 9ablydte P° sed onthe crank 

end of th« .upper E 6 ?nr t ' t, , 0n21t0Wn,cha ' 0 ^ 
the first connSg pi ^7 ? nd ? " ,hrou 9 h 
22towhichanuppTe nd of th SeC ° nd f ° rked P° rti °" 
connected through the se^r™ 11 fe pivota »V 
ever.thesecondCed^ f nneCtin9pin 10 - H °«- 
endofanarn^ 9 le«e P ^ 

•ower link g^Thfs 1*1" ' mt *> r P°*°n of the 
thought out by ^kin 'a "oa SI"? "" k 9 ' <* 
and second forked portions 21 LnH ,- 
«on. That is as is *hZ 1 " d 21 ,n, ° considers- 

»>= i -tsas.'sa" * 

connect™ Bin 10 »„ ,„ e "* °' *• 



EP 1 215 380 A2 



10 



connecting pin 7 ThuHnthL ^ aPP " ed t0 the "* 
5 cifically the axialdl^n ® ° aSe ' tne size - "*>"> spe- 

stood from Fta if'thT 38 Wi " be ""der- 

trated byTro e line Hs'aT' *?" P ° rti ° n 22 <«"«- 
defined 1*^^2,122^ ^ the c,6arance 

10 f 1 o? 45 T1 co T r ~ 19aand 

» crank pin 8 even , ^ ' ink 9 ' abo,Jt tna 
extends radially oevon^h ? C ° nd ,0rk6d P° rtfo n 22 

surface 19a or 19b °' the projected inner 

- S 6, C1 ^tirrr m ? the " rct 

the crank pin e and me Lt 06 the * 

the first forked pomoo 2 f h^ °? rm ° St 6nd " ROE " - 

axis of the crank pin a HIT! t Detween tne 

of the second ta£55£5~ ^ ^ S6C ° nd 
about the axis 0 f the crank 2 \ WSr ' ink 9 ' turns 

50 the third imaginary aS Sl * ' S ' 8 radius R3 of 
tween the axis X^^TTT?* d ' S,anCe be " 
most end of the second fir . ^ the radia "y ou ^- 
the third imag^S ^ As shown - 

imaginary cirde C2 and the J ^T**" ,he second 
35 is larger than th T^s, 7 m aainZ T 9 '^ CitC ' e 02 
embodiment 400 9 ^ ° ,rc,e C1 in tna fourth 

with a link mechaniol f S be,ng incorporated 

- including o^™**^" ^le,ink type 
However, if desired th! , d tne con,ro1 «nk 11 

three links. k ^P 6 'ncluding at least 

'"is mechantem, ,^22 ? -PPtaU *- 

Pin 5 of the piston 3 The fi«, f J , U ° m the P ls,on 

°»« »n» 32 extend, (rm , «i r _ an <*36. A s.o- 
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tends from the piston pin 5 of the piston 3. A second link 
42 is swingably supported at one portion 44 by the en- 
gine. The second link 42 link 42 is provided with first and 
second connecting portions 45 and 46. The first portion 

45 is connected to the other end of the first link 41. A 
third link 43 extends from the second connecting portion 

46 to the crank pin 8 of the crankshaft 4. Also in this link 
mechanism, three links 41 , 42 and 43 are employed. 
[0050] The entire contents of Japanese Patent Appli- 
cation 2000-381435 (filed December 15, 2000) are in- 
corporated herein by reference. 

[0051] Although the invention has been described 
above with reference to the embodiments of the inven- 
tion, the invention is not limited to such embodiments as 
described above. Various modifications and variations 
of such embodiments may be carried out by those 
skilled in the art, in light of the above descriptions. 



an upper link (6) having one end pivotally con- 
nected to said piston (3); 
a lower link (9) having first and second link con- 
necting portions (21 , 22), saidfirst link connect- 
ing portion being pivotally connected through a 
first connecting pin (7) to the other end of said 
upper link, said lower link being said given link 
(9); and 

a control link (11 ) having one end pivotally con- 
nected to said second link connecting portion 
through a second connecting pin (10) and the 
other end swingably supported by a base mem- 
ber of the engine. 

4. A crank mechanism as claimed in Claim 3, in which 
said lower link (9) is wholly received in said imagi- 
nary circle (C2). 
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Claims 
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3. 



A crank mechanism (100, 200, 300,400) of a recip- 
rocating internal combustion engine having a piston 
(3), comprising: 

a crankshaft (4) including paired crank webs 
(14a, 14b) with first end portions connected 
through a crank pin (8), and paired counter- 
weights (16a, 16b) integral with second end 
portions of the paired crank webs, said paired 
counterweights having projected inner surfac- 
es (1 9a, 1 9b) which protrude toward each other 
defining a given space therebetween; 
a link mechanism including a plurality of links 
(6, 9, 11) which are arranged to convert a re- 
ciprocating motion of said piston (3) to a rota- 
tional motion of the crankshaft (4), a given one 
(9) of said links being pivotally connected to 
other links through link connecting portions (21 , 
22) and swingably disposed on said crank pin 
(8) so that upon rotation of said crankshaft, a 
peripheral portion of said given link (9) passes 
through said given space, 

wherein at least one (22) of said link connect- 
ing portions is placed within an Imaginary circle (C2) 
which would be described by a radially innermost 
part (RIE) of said projected inner surfaces of the 
paired counterweights when the paired counter- 
weights turn about an axis of said crank pin (8). 

A crank mechanism as claimed in Claim 1 , in which 
ail (21 . 22) of said link connecting portions are 
placed within said imaginary circle (C2). 

A crank mechanism as claimed in Claim 1 or 2, in 
which said link mechanism comprises: 



20 
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5. A crank mechanism as claimed in Claim 3, in which 
said first link connecting portion (21 ) comprises two 
spaced support arms (21b, 21b) by which said first 
connecting pin (7) is held, the other end of said up- 
per link (6) being pivotally held by said first connect- 
ing pin (7), in which said second link connecting por- 
tion (22) comprises two spaced support arms (22a, 
22b) by which said second connecting pin (10) is 
held, the one end of said control link (1 1 ) being piv- 
otally held by said second connecting pin (1 0) : and 
in which at least one of said first and second link 
connecting portions (21 , 22) has an axial dimension 
which is greater than a distance between said pro- 
jected inner surfaces (1 9a, 1 9b) of the paired coun- 
terweights (16a, 1 6b) and said at least one of said 
first and second link connecting portions (21 , 22) is 
placed within said imaginary circle (C2). 

6. A crank mechanism as claimed in one of Claims 3 
to 5, in which said first link connecting portion (21) 
is placed within said imaginary circle (C2), and in 
which said second link connecting portion (22) has 
an axial dimension which is smaller than the dis- 
tance between said projected inner surfaces (19a, 
19b) of the paired counterweights (16a, 16b) and 
extends across said imaginary circle (C2). 

7. A crank mechanism as claimed in one of Claims 3 
to 6, in which said first link connecting portion (21) 
has an axial dimension which is greaterthan athick- 
ness of a major central portion of the lower link (9) 
where said crank pin (8) passes. 

8. A crank mechanism as claimed in Claim 3, in which 
at least one of said first and second connecting pins 
(7, 10) has axially opposed ends projected outward 
from the corresponding link connecting portion, in 
which said at least one of said first and second con- 
necting pins (7, 10) is placed within said imaginary 
circle (C2) and in which a peripheral part of said low- 
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e r«n k( 9)ext e nds across saW imagi „ afyc , cte(C2) 

the connecting pin in place. } ,orho,d,no 5 

is eonnS? to I ™ ? ° f Said control ,in « OU 

;r bytochan9ea ^ d --eV 

P<n (8) and a ^SS^?"**""* 
lower link (9) establish^ (G2) ° f 9ravit V of »• 
sembled with ml uon. . " ^ '° Wer,ink is «- 
-a„er ^^T^ «> * 

crank pin ( 8) and a first center ™\ f 8 ° f the *° 

tween mutually facinn ^ 3 distance be - 

*« end pomtTSrSS 14b,) ° f the 
14b). Pa,red crank webs (14a, 
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